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Abstract: This study was aimed to explore the effect of elastic filler on pollutant removal in each
compartment of anaerobic baffled reactor (ABR), ABR with elastic filler, and ABR without elastic filler
were compared. The result showed that elastic filler increased the removal rate of chemical oxygen
demand (COD) and suspended solid (SS) in the first compartment, decreased the removal rate of
COD and SS in the second and third compartments, and had little effect on the removal rate of COD
and SS in the fourth compartment. Elastic filler increased the increase rate of ammonia nitrogen in
the first and second compartments, decreased the increase rate of ammonia nitrogen in the third
and fourth compartments; elastic filler had little effect on the nitrate nitrogen, nitrite nitrogen, total
nitrogen and total phosphorus in each compartment of ABR. In general, elastic filler could improve
the removal rate of COD and SS of ABR but had little effect on the increase rate of ammonia nitrogen,
the removal rate of nitrate nitrogen, nitrite nitrogen, total nitrogen and total phosphorus. Elastic filler
slightly increased the concentration of formic acid, acetic acid, propionic acid, and butyric acid in the
first compartment of ABR, and slightly decreased the sum of formic acid and acetic acid in the second,
hird and fourth compartments. Elastic filler did not change the composition of dissolved organic
matter (DOM)in each compartment of ABR, but changed the kinds and contents of aromatic proteins,
soluble microbial products and humic acids in each compartment of ABR. Elastic filler had little effect
on ABR in the removal of aromatic proteins, but they could improve the removal rate of soluble
microbial products and humicacids. Elastic filler slightly increased the degree of DOM humification
(or maturity) in ABR effluent, but did not change the main source of humus like substance and DOM
in ABR effluent.

Keywords: elasticfiller; anaerobic baffled reactor; domestic sewage; farmland irrigation; volatile fatty
acids; dissolved organic matter

1. Introduction

In the arid area of Northwest China, there is a lack of irrigation resources, and non-point source
pollution is intensified by fertilization in farmland [1–3]. However, the target of sewage treatment
in villages and towns in this area is to reach the discharge standard, which not only increases the
cost of sewage treatment but also wastes the nitrogen and phosphorus in the sewage. Nitrogen and
phosphorus are essential nutrients for crop growth [2]. Two indexes of Kjeldahl nitrogen and total
phosphorus were deleted from the standard of irrigation water quality for farmland published in 2005.

Anaerobic baffled reactor (ABR)has the advantages of low operation cost, strong shock load
resistance, and good hydraulic conditions [4–7]. Using ABR as a pre-treatment process for agricultural
irrigation and utilization of rural sewage can not only remove most of the organic pollutants and
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suspended solids in the sewage [8] but also effectively kill the pathogenic bacteria in the sewage and
fully retain the nitrogen and phosphorus in the sewage [9], so as to reduce the amount of fertilizer,
reduce the non-point source pollution caused by fertilizer application, and improve the yield of
crops. However, the chemical oxygen demand (COD)and suspended solid (SS)of ABR effluent are
high [10–12], which not only cannot meet the water quality requirements of all crop irrigation but also
improves the operation load of the subsequent treatment process.

Elastic filler has the advantages of light weight, stable performance, and low price. Adding elastic
filler to ABR can increase its biomass and retention capacity, thus improving its removal effect on COD
and SS. Wang Binkeet al. [13] showed that the removal efficiency of COD by ABR (five compartments)
without elastic filler and ABR (four compartments) with elastic filler was similar. Yu Yaqin et al. [14]
showed that elastic filler accelerated the acclimation of granular sludge in ABR and shortened the
start-up time of ABR. Huang Jiguo et al. [15] showed that the elastic filler shortened the secondary
start-up time of ABR and improved the removal rate of COD and SS of ABR.

At present, scholars at home and abroad have only studied the effect of elastic filler on ABR start-up
and overall COD removal rate, but the effect of elastic filler on the change of pollutants along ABR has
not been reported. In view of the above situation, it is proposed to use elastic filler ABR and nonelastic
filler ABR for comparison to study the impact of elastic filler on the removal effect of pollutants in each
compartment of ABR in order to provide technical support for rural sewage irrigation.

2. Materials and Methods

2.1. Test Device

In this experiment, two sets of ABR with the same structure and size were used, which were made
of plexiglass. They were divided into four compartments. The length, width and height were 0.751 m,
0.18 m, and 0.5 m, respectively, and the effective volume was 49.6 L. One ABR was installed with elastic
filler (composition: PE central rope + PP elastic wire), and the other ABR was not installed with elastic
filler. The schematic diagram of the ABR device is shown in Figure 1.
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Figure 1. Schematic of anaerobic baffled reactor (ABR).

2.2. Experimental Water and Methods

The experimental water was domestic sewage from the campus. The influent temperature was
23.8–26.5 ◦C, COD was 100.84–310.03 mg/L, ammonia nitrogen was 22.56–39.95 mg/L, nitrate nitrogen
was 0.15–0.59 mg/L, nitrite nitrogen was 0.16–0.21 mg/L, total nitrogen was 24.91–45.37 mg/L, total
phosphorus was 2.45–4.75 mg/L, and SS was 61.31–98.08 mg/L. The HRT (hydraulic retention time)
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was 24 hours, and the samples were taken from the water intake of each compartment of the two
ABR groups.

2.3. Analysis Items and Measurement Methods

COD: potassium dichromate method; ammonia nitrogen: Nessler’s reagent spectrophotometry;
nitrate nitrogen: UV spectrophotometry; nitrite nitrogen: n-(1-naphthyl)-ethylenediamine
spectrophotometry; total nitrogen: UV spectrophotometry; total phosphorus: molybdenum antimony
anti spectrophotometry; SS: gravimetric method; volatile fatty acids (VFAs): ion chromatography;
dissolved organic matter (DOM): fluorescence spectrophotometry.

3. Results and Discussion

3.1. Removal Effect of COD

The concentration of COD in influent and each compartment of two groups of ABR was shown in
Figure 2. It could be seen from Figure 2 that the COD in the influent was 100.84–310.03 mg/L, the COD in
the first compartment of ABR with elastic filler and ABR without elastic filler was 70.74–171.57 mg/L and
79.77–186.62 mg/L, the COD in the second compartment was 63.21–150.50 mg/L and 54.18–161.04 mg/L,
the COD in the third compartment was 58.70–135.45 mg/L and 55.69–139.97 mg/L, the COD in the
effluent water was 52.68–78.26 mg/L and 48.16–93.31 mg/L. In most cases, COD in the sewage gradually
decreases along the flow direction in the two ABRs, and in a few exceptions, it may be because some
anaerobic microorganisms release COD through autolysis and internal respiration. The COD removal
rate of the first compartment of ABR in the two groups was the highest, which was mainly because
the COD in the influent was the highest, and the influent enters the first compartment first, so the
anaerobic microorganism in the first compartment could preferentially utilize the COD easy to degrade
in the influent.Sustainability 2019, 11, x FOR PEER REVIEW 4 of 17 
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Figure 2. The removal effect of chemical oxygen demand (COD) in each compartment of ABR in
two groups.

Compared with the ABR without elastic filler, the average COD removal rate in the first
compartment of the ABR with elastic filler was higher, which was mainly because the elastic filler had
a good retention effect on the suspended solids and flocculent sludge in the sewage, and a certain
amount of microorganisms were attached to the elastic filler, which made the biomass in the first
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compartment of the ABR with elastic filler increase. However, the average removal rate of COD in the
second and third compartments of ABR with elastic filler was lower than that of ABR without elastic
filler, which was mainly due to the high COD of sewage entering the second and third compartments
of ABR without elastic filler. The average removal rate of COD in the fourth compartment of ABR in
the two groups was almost the same, which was mainly due to the low COD of sewage entering the
fourth compartment of ABR in the two groups.

In general, compared with the ABR without elastic filler, the average COD removal rate of ABR
with elastic filler was higher by 3.55%, which showed that the elastic filler was conducive to improving
the COD removal rate of ABR; this was consistent with the research results of Huang Jiguo et al. [15].

3.2. Removal Effect of Ammonia Nitrogen

The concentration of ammonia nitrogen in influentand each compartment of two groups of
ABR was shown in Figure 3. It could be seen from Figure 3 that the influent ammonia nitrogen
was 22.56–39.95 mg/L, the ammonia nitrogen in the first compartment of ABR with elastic filler and
ABR without elastic filler was 23.84–42.08 mg/L and 23.42–41.09 mg/L, the ammonia nitrogen in
the second compartment was 24.41–41.80 mg/L and 22.99–41.80 mg/L, the ammonia nitrogen in the
third compartment was 24.70–40.94 mg/L and 23.99–39.09 mg/L, and the ammonia nitrogen in the
effluent was 24.84–41.37 mg/L and 24.27–41.37 mg/L. The ammonia nitrogen in each compartment of
ABR in the two groups was higher than that in the influent, which was mainly because the organic
nitrogen in the influent was converted into ammonia nitrogen under the action of ammonifying
bacteria, and the anaerobic environment in the two groups of ABR hindered the further conversion of
ammonia nitrogen into nitrite nitrogen and nitrate nitrogen; according to Yang Haiyinget al [16], the
organic nitrogen-containing compounds in the influent could be anaerobic decomposed into ammonia
nitrogen; both groups of ABR did not discharge mud, according to RenNanqi et al. [17],some anaerobic
microorganisms through autolysis and internal digestion source respiration also released ammonia
nitrogen. The average increase rate of ammonia nitrogen in the first compartment of ABR in the two
groups was the highest, mainly because the organic nitrogen in the influent was the highest, and the
influent entered the first compartment first, so the ammoniated bacteria in the first compartment could
use the organic nitrogen in the influent preferentially.Sustainability 2019, 11, x FOR PEER REVIEW 5 of 17 
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Compared with ABR without elastic filler, the average increase rate of ammonia nitrogen in the
first and second compartments of ABR with elastic filler was higher, which was mainly due to a certain
amount of microorganisms attached to the elastic filler, so that the number of ammonia bacteria in
the first compartment of ABR with elastic filler was increased. However, the average increase rate of
ammonia nitrogen in the third and fourth compartments of ABR with elastic filler was lower than that
of ABR without elastic filler, which was mainly due to the high organic nitrogen in the sewage entering
the third and fourth compartments of ABR without elastic filler.

In general, compared with the ABR without elastic filler, the average ammonia nitrogenincrease
rate of ABR with elastic filler was slightly higher by 0.86%, which showed that the elastic filler had
little effect on the increase rate of ammonia nitrogen of ABR.

3.3. Removal Effect of Nitrate Nitrogen

The concentration of nitrate nitrogen in influentand each compartment of two groups of ABR was
shown in Figure 4. It could be seen from Figure 4 that the influent nitrate nitrogen was 0.15–0.59 mg/L,
the nitrate nitrogen in the first compartment of ABR with elastic filler and ABR without elastic
filler was 0.21–1.02 mg/L and 0.29–0.84 mg/L, the nitrate nitrogen in the second compartment was
0.09–0.91 mg/L and 0.08–0.80 mg/L, the nitrate nitrogen in the third compartment was 0.27–1.01 mg/L
and 0.04–1.34 mg/L, and the nitrate nitrogen in the effluent was 0.02–0.60 mg/L and 0.15–0.61 mg/L.
Although the nitrate nitrogen in each compartment of ABR in both groups fluctuated slightly, the
difference between them and the influent was very small, which was mainly because the anaerobic
environment in ABR prevented the further conversion of ammonia nitrogen to nitrate nitrogen.
However, before and after the 18th day, the nitrate nitrogen in each compartment of ABR in the two
groups fluctuated greatly, which was mainlydue to the low concentration of nitrate nitrogen in the
influent on the 18th day, which leads to the low concentration of nitrate nitrogen in ABR; however,
after the 18th day, the concentration of nitrate nitrogen in the influent increased, and the fluctuation
of dissolved oxygen in the influent and the destruction of the water seal of ABR effluent increased
the dissolved oxygen in ABR, thus enhancing the nitrification in ABR, resulting in the rise of nitrate
nitrogen concentration in ABR again.Sustainability 2019, 11, x FOR PEER REVIEW 6 of 17 
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In general, the difference between the two groups of ABR was very small, which showed that
elastic fillers had little effect on the removal rate of ABR.

3.4. Removal Effect of Nitrite Nitrogen

The concentration of nitrite nitrogen in influentand each compartment of two groups of ABR
was shown in Figure 5. It could be seen from Figure 5 that the influent nitrite nitrogen was
0.16–0.21 mg/L, the nitrite nitrogen in the first compartment of ABR with elastic filler and ABR without
elastic filler was0.14–0.23 mg/L and0.14–0.23 mg/L, the nitrite nitrogen in the second compartment was
0.14–0.20 mg/L and 0.13 –0.25 mg/L, the nitrite nitrogen in the third compartment was 0.14–0.20 mg/Land
0.14–0.22 mg/L, and the nitrite nitrogen in the effluent was 0.13–0.20 mg/L and 0.13–0.19 mg/L. Although
the nitrite nitrogen in each compartment of ABR in the two groups fluctuated slightly, the difference
between them and the influent was very small, which was mainly because the anaerobic environment
in the two groups of ABR hindered the further conversion of ammonia nitrogen to nitrite nitrogen.Sustainability 2019, 11, x FOR PEER REVIEW 7 of 17 
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In general, the difference between the two groups of ABR was very small, which showed that the
elastic filler had little effect on the removal rate of ABR.

3.5. Removal Effect of Total Nitrogen

The concentration of total nitrogen in influentand each compartment of two groups of ABR
was shown in Figure 6. It could be seen from Figure 6 that the influent total nitrogen was
24.91–45.37 mg/L, the total nitrogen in the first compartment of ABR with elastic filler and ABR
without elastic filler was 25.61–43.71 mg/L and 25.37–43.87 mg/L, the total nitrogen in the second
compartment was 25.53–43.12 mg/L and 25.37–43.12 mg/L, the total nitrogen in the third compartment
was 26.11–42.54 mg/L and 26.03–42.38 mg/L, and the total nitrogen in the effluent was 25.74–42.30 mg/L
and 25.66–42.12 mg/L. The removal rate of total nitrogen in each compartment of the two ABR groups
was not high, which was mainly due to the lack of nitrogen demand for the growth and reproduction
of anaerobic microorganisms, and the nitrogen in the influent was mainly organic nitrogen and
ammonia nitrogen, which were converted into ammonia nitrogen under the action of ammonifying
bacteria, while the anaerobic environment in the two ABR groups hindered the further conversion of
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ammonia nitrogen into nitrite nitrogen and nitrate nitrogen, leading to the traditional nitrification and
denitrification and the new anaerobic ammonia oxidation denitrification process could not be carried
out smoothly in ABR. The total nitrogen removal rate in each compartment of ABR in the two groups
was negative, thiswas consistent with the research results of Yang Haiying et al. [16], which may be
because the organic nitrogen compounds in the influent were decomposed into ammonia nitrogen,
and the ABR in both groups did not discharge mud. According to RenNanqi et al. [17], some anaerobic
microorganisms would release ammonia nitrogen through autolysis and internal respiration.Sustainability 2019, 11, x FOR PEER REVIEW 8 of 17 
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In general, compared with the ABR without elastic filler, the average nitrogen removal rate of
ABR with elastic filler was slightly lower by 0.96%, which showed that the elastic filler had little effect
on the total nitrogen removal rate of ABR, so that the nitrogen in sewage is fully retained, which was
conducive to the use of treated effluent for farmland irrigation.

3.6. Removal Effect of Total Phosphorus

The concentration of total phosphorus in influentand each compartment of two groups of ABR was
shown in Figure 7. It could be seen from Figure 7 that the influent total phosphorus was 2.45–4.75 mg/L,
the total phosphorus in the first compartment of ABR with elastic filler and ABR without elastic
filler was 2.42–4.26 mg/L and 2.38–4.29 mg/L, the total phosphorus in the second compartment was
2.49–4.15 mg/L and 2.35–4.12 mg/L, the total phosphorus in the third compartment was 2.42–4.04 mg/L
and 2.45–4.01 mg/L, and the total phosphorus in the effluent was 2.38–3.90 mg/L and 2.35–3.83 mg/L.
The removal rate of total phosphorus in each compartment of ABR in the two groups was not high,
which was mainly because the growth and reproduction of anaerobic microorganisms had little demand
for phosphorus, and the anaerobic environment in the two groups of ABR caused the traditional
phosphorus removal process could not be carried out smoothly. The removal rate of total phosphorus in
each compartment of ABR in the two groups was negative. This was consistent with the research results
of Yang Haiying et al. [16], which may be due to the release of phosphorus by phosphorus accumulating
bacteria under anaerobic conditions, and the two groups of ABR did not discharge mud, and some
anaerobic microorganisms also released phosphorus through autolysis and internal respiration.
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In general, compared with the ABR without elastic filler, the average total phosphorus removal
rate of ABR with elastic filler was slightly lower by 1.39%, which indicated that the elastic filler had
little effect on the total phosphorus removal rate of ABR, so the phosphorus in the sewage was fully
retained, which was conducive to the use of the treated effluent for farmland irrigation.

3.7. Removal Effect of SS

The concentration of SS in influentand each compartment of two groups of ABR was shown
in Figure 8. It could be seen from Figure 8 that the influent SS was 61.31–98.08 mg/L, the SS in the
first compartment of ABR with elastic filler and ABR without elastic filler was 17.39-35.95 mg/L and
20.06–40.68 mg/L, the SS in the second compartment was 13.02–29.64 mg/L and 18.11–32.43 mg/L, the
SS in the third compartment was 13.02–20.42 mg/L and 11.68–25.27 mg/L, and the SS in the effluent was
4.28–12.17 mg/L and 3.07–17.99 mg/L. In most cases, SS in sewage gradually decreased along the flow
direction in the two ABRs, and in a few exceptions, it may be because some anaerobic microorganisms
released SS through autolysis and internal respiration. The removal rate of SS in the first compartment
of ABR in the two groups was the highest, mainly because the SS in the influent was the highest, and the
influent entered the first compartment first, so the anaerobic microorganism in the first compartment
could take advantage of the SS in the influent preferentially.

Compared with the ABR without elastic filler, the average SS removal rate in the first compartment
of the ABR with elastic filler was higher, which was mainly because the elastic filler had a good retention
effect on the suspended solids and flocculent sludge in the sewage [15]. However, the average removal
rate of SS in the second and third compartments of ABR with elastic filler was lower than that of ABR
without elastic filler, which was mainly due to the high SS in the second and third compartments of
ABR without elastic filler. The average removal rate of SS in the fourth compartment of ABR in the
two groups was almost the same, which was mainly due to the low SS of sewage entering the fourth
compartment of ABR in the two groups.

In general, compared with the ABR without elastic filler, the average SS removal rate of ABR with
elastic filler was higher by 4.77%, which showed that the elastic filler was conducive to improving the
SS removal rate of ABR, thiswas consistent with the research results of Huang Jiguo et al [15].
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3.8. Type and Content of VFA

The type and content of VFA in influentand each compartment of two groups of ABR were shown
in Figure 9. It could be seen from Figure 9 that only formic acid and acetic acid were present in the
influent, and their concentrations were 1.12 mg/L and 0.77 mg/L. The concentrations of formic acid and
acetic acid in the influent were relatively low, while propionic acid and butyric acid (detection limit is
0.1 mg/L) were not detected.

The concentrations of formic acid, acetic acid, propionic acid and butyric acid in the first
compartment of ABR without elastic filler were 2.16 mg/L, 9.85 mg/L, 0.49 mg/L, and 0.41 mg/L.
Compared with the influent, the concentration of formic acid and acetic acid in the first compartment
of ABR without elastic filler increased significantly, but propionic acid and butyric acid also appeared,
which was mainly due to the fact that the hydrolytic fermentation bacteria in the first compartment of
ABR without elastic filler, as the dominant bacteria, could transform the complex organic matter in the
influent into formic acid, acetic acid, propionic acid and butyric acid [18]. In the second compartment
of ABR without elastic filler, there were only formic acid and acetic acid, their concentrations were
0.10 mg/L and 4.35 mg/L. Compared with the first compartment of ABR without elastic filler, the
concentration of formic acid and acetic acid in the second compartment of ABR without elastic filler
was significantly reduced, and propionic acid and butyric acid were not detected, which was mainly
due to the change of acetobacter and methanogenic bacteria in the second compartment of ABR without
elastic filler as the dominant bacteria, hydrogen producing acetobacter first converted propionic
acid, butyric acid and alcohol in sewage into hydrogen, carbon dioxide, formic acid, acetic acid and
methanol, and then converted hydrogen, carbon dioxide, formic acid, acetic acid, and methanol in
sewage into methane and carbon dioxide [18]. There were only formic acid and acetic acid in the third
compartment of ABR without elastic filler, the concentrations of which were 2.51 mg/L and 3.33 mg/L.
Compared with the second compartment of ABR without elastic filler, the formic acid concentration in
the third compartment of ABR without elastic filler was increased, but the acetic acid concentration
was decreased, which may be due to the fact that there were less the same type of acetic acid producing
bacteria in the third compartment of ABR without elastic filler, and less the same type of acetic acid
producing bacteria did not convert the formic acid in the sewage to acetic acid in time, which leaded
to the accumulation of formic acid and excessive consumption of acetic acid by methanogens [18].
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There were only formic acid and acetic acid in the effluent of ABR without elastic filler, and their
concentrations were 1.70 mg/L and 0.59 mg/L. Compared with the third compartment of ABR without
elastic filler, the concentration of formic acid and acetic acid in the effluent of ABR without elastic filler
was decreased, which showed that methanogenic bacteria in the fourth compartment of ABR without
elastic filler was slightly dominant.
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However, the concentrations of formic acid, acetic acid, propionic acid and butyric acid in the
first compartment of ABR with elastic filler were 3.34 mg/L, 13.53 mg/L, 0.78 mg/L, and 0.83 mg/L.
Compared with the first compartment of ABR without elastic filler, the concentrations of formic acid,
acetic acid, propionic acid and butyric acid in the first compartment of ABR with elastic filler increased
slightly, which may be due to the increase of biomass in the first compartment of ABR with elastic filler,
thus, the abundance of hydrolytic fermentation bacteria in the first compartment of ABR with elastic
filler was increased, more complex organics in the influent were transformed into formic acid, acetic
acid, propionic acid and butyric acid. Compared with the second, third and fourth compartments of
ABR without elastic filler, the total concentration of formic acid and acetic acid in the second, third and
fourth compartments of ABR with elastic filler decreased slightly, which may be due to the increase of
biomass in the second, third and fourth compartments of ABR with elastic filler, thus increasing the
abundance of methanogenic bacteria in the second, third and fourth compartments of ABR with elastic
filler, so more formic acid and acetic acid in sewage were converted into methanogen Alkanes, carbon
dioxide, etc.

3.9. Three-Dimensional Fluorescence Spectral Characteristics of DOM

3.9.1. DOM Three-Dimensional Fluorescence Spectrum and Composition

The three-dimensional fluorescence spectrum of influentand each compartment of two groups
of ABR were shown in Table 1 and Figure 10. It could be seen from Table 1 and Figure 10 that there
were four distinct fluorescence peaks (peak 1, peak 2, peak 4, and peak 5) in the three-dimensional
fluorescence spectrum of the influent water. Among them, peak 1 and peak 2 represented aromatic
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protein substances, peak 4 represented soluble microbial metabolites, and peak 5 represented humic
acid substances. This showed that dissolved organic matter (DOM) in domestic sewage mainly includes
aromatic protein substances, soluble microbial metabolites and humic acid substances, and the contents
of aromatic protein substances and soluble microbial metabolites were higher, while the contents of
humic acid substances were lower.

Table 1. The three-dimensional fluorescence characteristic values of dissolved organic matter (DOM)
in each compartment of two ABR groups.

Sampling Point

Peak 1
Central Location

Fluorescence
Intensity

Peak 2
Central Location

Fluorescence
Intensity

Peak 3
central location

Fluorescence
Intensity

Peak 4
Central Location

Fluorescence
Intensity

influent 205 nm/305 nm
9992

235 nm/355 nm
9998

285 nm/360 nm
9952

310 nm/405 nm
7033

filler 1 210 nm/330 nm
8746

210 nm/330 nm
8746

275 nm/335 nm
8468

320 nm/410 nm
6345

filler 2 200 nm/330 nm
9949

200 nm/330 nm
9949

290 nm/355 nm
9985

320 nm/410 nm
6597

filler 3 225 nm/325 nm
9920

210 nm/355 nm
9997

270(280)nm/330(350)nm
9915

320 nm/410 nm
6827

filler effluent 200 nm/315 nm
9969

205(215)nm/370(380)nm
9860

275 nm/340 nm
6955

320 nm/410 nm
6131

no filler1 210 nm/310 nm
9945

230 nm/365 nm
9823

270 nm/315 nm
9874

315 nm/410 nm
7120

no filler2 210 nm/315 nm
9641

230 nm/365 nm
9941

275 nm/340 nm
9897

315 nm/410 nm
7355

no filler3 230 nm/325 nm
9968

210 nm/370 nm
9927

275 nm/360 nm
9880

315 nm/410 nm
7603

no filler effluent 200 nm/325 nm
9649

230 nm/350 nm
9961

275 nm/340 nm
8666

315 nm/410 nm
6962

There were four distinct fluorescence peaks (peak 1, peak 2, peak 4, and peak 5) in the
three-dimensional fluorescence spectrum of each compartment of ABR without elastic filler. Although
the fluorescence peak in each compartment of ABR was the same as that in the influent, their fluorescence
intensity and center position were different, which showed that the kinds and contents of aromatic
protein, soluble microbial metabolites and humic acid in the influent were changing along the flow
direction in ABR without elastic filler, and ABR without elastic filler did not completely remove
the aromatic protein, soluble microbial metabolites and humic acids in the influent water [19–21].
Compared with the influent, the fluorescence intensity of aromatic protein in the effluent of ABR
without elastic filler decreased by 3.80% (peak 1 was 3.43%, peak 2 was 0.37%), the fluorescence
intensity of dissolved microbial metabolites decreased by 12.92%, and the fluorescence intensity of
humic acids decreased by 1.01%, which indicated that ABR without elastic filler had a better removal
effect on the dissolved microbial metabolites in the sewage, while ABR without elastic filler had a
better removal effect on the dissolved microbial metabolites in the sewage, however, The removal
efficiency of aromatic protein and humic acid was poor.

There were four distinct fluorescence peaks (peak 1 (overlapped with peak 2), peak 4, and peak
5) in the three-dimensional fluorescence spectrum of each compartment of ABR with elastic filler.
Although the fluorescence peak in each compartment of ABR with elastic filler was the same as that
of ABR without elastic filler, their fluorescence intensity and central position were different, which
showed that the elastic packing did not change the DOM composition in each compartment of ABR,
but changed the types and contents of aromatic protein, soluble microbial metabolites, and humic acid
substances in each compartment of ABR. Compared with the influent, the fluorescence intensity of
aromatic protein in the effluent of ABR with elastic filler decreased by 1.61% (peak 1 was 0.23%, and
peak 2 was 1.38%), and the decreasing range was 2.19% lower than that of ABR without elastic filler;
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the fluorescence intensity of the metabolites of dissolved microorganisms decreased by 30.11%, and the
decline range was 17.19% higher than that of ABR without elastic filler; the fluorescence intensity of
humic acid decreased by 12.83%,the decline range of ABR was 11.82% higher than that of ABR without
elastic filler, which showed that the effect of ABR on the removal of aromatic protein in wastewater
was not significant, but it was beneficial to improve the removal rate of dissolved microbial metabolites
and humic acids in wastewater.
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Figure 10. The three-dimensional fluorescence spectra of DOM in each compartment of two ABR in
two groups.
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3.9.2. Analysis of 3D Fluorescence Characteristics of DOM

It could be seen from Table 2 that the influent’s HIX(humification index)=1.14 (<4), indicating that
the DOM in influent mainly comed from biological activities, and the degree of DOM’s humification (or
maturity) was weak; the influent’s fluorescence index (FI)=2.06 (>1.9), indicating that the humus like
substance in influent mainly comed from microbial metabolism; the influent’s biogenic index (BIX)=0.95
(close to 1), indicating that the DOM in influent mainly comed from biological activities [22–24].

Table 2. The fluorescence index in each compartment of ABR in two groups.

Sampling Point HIX FI BIX

influent 1.14 2.06 0.95
filler effluent 1.98 2.01 0.95

no filler effluent 1.91 2.00 0.94

The HIX=1.91 in the effluent of ABR without elastic filler, which was higher than that in the
influent, which indicated that ABR improved the degree of humification (or maturity) of DOM in
the influent; the FI=2.00 and BIX=0.94 in the effluent of ABR without elastic filler, which was small
different from FI and BIX in the influent, which indicated that ABR did not change the main sources of
humus like and DOM in the influent.

However, the HIX=1.98 in the effluent of ABR with elastic filler, which was slightly higher than
the HIX in the effluent of ABR without elastic filler, it showed that the elastic filler slightly increased
the degree of humification (or maturity) of DOM in ABR effluent. The FI=2.01 and BIX=0.95 in the
effluent of ABR with elastic filler, which was small different from FI and BIX in the effluent of ABR
without elastic filler, which indicated that the elastic filler did not change the main source of humus
like substance and DOM in ABR effluent.

4. Conclusion

(1) Elastic filler improved the removal rate of COD and SS in the first compartment of ABR,
reduced the removal rate of COD and SS in the second and third compartment of ABR, and had little
effect on the removal rate of COD and SS in the fourth compartment of ABR. Elastic filler increased the
increase rate of ammonia nitrogen in the first and second compartment of ABR, and decreased the
increase rate of ammonia nitrogen in the third and fourth compartment of ABR. Elastic filler had little
effect on nitrate, nitrite, total nitrogen and total phosphorus in each compartment of ABR.

(2) Elastic filler slightly increased the concentration of formic acid, acetic acid, propionic acid and
butyric acid increased in the first compartment of ABR, and slightly decreased the sum of formic acid
and acetic acid in the second, third and fourth compartment of ABR.

(3) Elastic filler did not change the composition of DOM in each compartment of ABR but changed
the kinds and contents of aromatic protein, soluble microbial metabolites and humic acids in each
compartment of ABR.

(4) Because the experiment was carried out at room temperature, the range of elastic filler to
improve the COD removal rate of ABR was not very large. In the early experiment, it was found that
the lower the temperature was, the greater the extent of improving the COD removal rate of ABR by
elastic filler was, and the winter temperature in the northwest China arid area was very low, which
was more conducive to the application and promotion of the technology. In practical application, the
installation position and quantity of elastic filler should be selected reasonably according to the type
and size of ABR.
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